Liver cells are notoriously difficult to maintain in culture in vitro. The media used for tissue culture contain relatively low concentrations of coenzymes or of the various vitamins of the B group required for the biosynthesis of coenzymes (usually less than 1 mg each/litre) (Eagle & Levintow, 1965) . When on transplantation cells are washed, they may lose the water-soluble vitamins and cofactors, unless the solutions used for this purpose contain appropriate concentrations of these substances.
When cells cultured in oitro are exposed to alkylating agents, additional loss of cofactors will occur, as a result of alkylation of their constituents, and may result in cell death. Hamster kidney cells, BHK 21/13, cultured in Eagle's medium etc. (Schoental, 1967) , when exposed to about 1 mM-N-methyl-N-nitrosourethane, a carcinogen with potential alkylating action, became 'mummified'. The cultures could be kept in sterile medium at 37°C for many weeks, but the cells retained their structures and did not undergoautolysis. Evidently all the vital cellular processes had stopped.
The concentrations of NAD coenzymes in the kidneys and in the liver are higher than in some other tissues (about 500mg/kg) (cf. Weinhouse, 1955) . The liver is particularly vulnerable to the depletion of coenzymes.
It would appear advisable to use media with appropriately higher content of nicotinamide (and probably of certain other vitamins of the B group) when hepatocytes are cultured in tiitro, especially when they are treated with potential alkylating agents, so that the non-specific cytotoxic effects due to depletion of coenzymes may be avoided. L. (1965) The heterogeneous nature of liver complicates the interpretation of metabolic studies, as it consists of a mixture of parenchymal and non-parenchymal cells. Owing to their smaller size and possible greater fragility, most non-parenchymal cells are lost during the preparation of isolated hepatocytes. These suspensions of hepatocytes remove some of the problems of perfused liver and allow several simultaneous measurements with internal controls. However, the isolation procedure will remove interactions between cells, and the enzymes used may cause damage. The present study was designed to develop a method for the preparation of chicken hepatocytes suitable for metabolic studies and to quantify their physiological competence.
Chicken hepatocytes were prepared by a modification of the method of Howard & Pesch (1 968). After perfusion under gravity with ice-cold Krebs-Ringer bicarbonate buffer with Ca2+ omitted but containing 2% (w/v) bovine serum albumin, 0.25mg of collagenzse/ml and 0-1 .Omg of hyaluronidase/ml, the liver was sliced and incubated with the buffer and enzymes for 60 min at 40°C in a shaking water bath. The hepatocytes were isolated by filtration and repeated centrifugation and resuspension. The entire procedure took 90min and the cells were finally suspended in Krebs-Ringer bicarbonate buffer including Ca2+ and 27; albumin.
The cellular integrity of the preparations was examined by light-microscopy for exclusion of Trypan Blue and for cell counting, and by electron microscopy. The K+ content, the rate of oxygen consumption, the ATP content of hepatocytes, the rate of glucose production from lactate and pyruvate and the leakage of lactate dehydrogenase (EC 1.1.1.27) and aspartate arninotransferase (EC 2.6.1.1) from the cells was measured. These parameters were determined immediately after the final suspension of hepatocytes was made (Table 1) . When comparing these parameters and the cell yield per g of liver with cells prepared with collagenase plus different concentrations of hyaluronidase, no significant differences were found. Thus all subsequent preparations were made by using 0.25mg of collagenase/ml only, resulting in a yield of 3 3 . 0~ 106k3.3 x lo6 hepatocytes/g of liver.
Electron microscopy showed that preparations consisted almost exclusively of parenchymal cells. Although most cells had intact plasma membranes and well-preserved organelles, a proportion had damaged plasma membranes, swollen mitochondria and large numbers of vacuoles in the cytoplasm. These latter cells may be the Trypan Bluestaining cells.
The nuclei of hepatocytes from starved chickens were generally more readily stained with Trypan Blue than those from fed chickens, although cell yields per g of liver were similar. The endogenous oxygen consumption can be stimulated (1 36 %) with neutralized 10mM-lactate, suggesting that the hepatocytes have a functional tricarboxylic acid cycle. In hepatocytes from 24h-starved chickens, endogenous glucose production was extremely low (Anderson & Langslow, 1975) and hence the increase in glucose production with lactate indicated gluconeogenesis.
Initially ATP was measured in hepatocytes after rapid centrifugation and removal of the resultant supernatant. Centrifugation of the hepatocytes significantly decreased their ATP content, possibly owing to ATP leakage or hydrolysis. The values quoted were measured from cell suspensions and the centrifugation step of the assay was omitted. It is likely that the centrifugation during hepatocyte isolation affects the ATP content.
The ATP (1.2k0.1 mM) and K+ (151 k7.2,~equiv./litre) concentrations of hepatocytes may be low, as no allowance has been made for extracellular space of packed cells. However, their ability to synthesize glucose and their hormonal sensitivity (Anderson & Langslow, 1975), together with their K+ and ATP concentrations within the physiological range, suggests that they are physiologically competent. The changes in these parameters in cell suspensions incubated at 40°C are shown in Fig. 1 . There was a linear decrease in cells excluding Trypan Blue which correlated with the loss of intracellular lactate dehydrogenase (b = 0.88) and aspartate aminotransferase (b = 0.80). These events were paralleled by decreases in ATP and K+ content and in oxygen consumption. These results suggest that when the plasma membrane of a hepatocyte permits entry of Trypan Blue, there is a loss of soluble enzymes and a fall in K+ and ATP contents. Such a cell is probably incapable of normal cellular activities. Glucose production from lactate with hepatocytes from 24h-starved chickens increased with time of incubation, but after 3 h there was a significant deviation from linearity. The initial increase in K+ content may be due to its uptake to replace a loss during the preparative procedure (Fig. 1) . The decline of ATP content and oxygen consumption was not prevented by lactate. Both decline more rapidly than Trypan Blue staining, and it may be due to a loss from the cells of adenine nucleotides. However, on this basis oxygen consumption would appear to be the most sensitive indicator of cell viability. Hepatocytes from 24 h-starved chickens were found to have a significantly (P<O.OOI) shorter half-life (2.25 h) than those from fed chickens (5.25 h), on the basis of Trypan Blue exclusion. The reason for this increased fragility is not known.
Hepatocytes prepared by this method have a definite life-span resulting in a changing ratio of intact and non-intact hepatocytes. The percentage of Trypan Blue-stained hepa-tocytes will influence the apparent metabolic activity of preparations. Suspensions of isolated hepatocytes are useful for short-term metabolic studies and may have wider applications if the spontaneous disintegrations of the hepatocytes can be prevented. The hormonal regulation of hepatic carbohydrate metabolism has been intensively investigated in rats by using both the perfused liver and isolated hepatocytes. Major metabolic differences have been shown to exist between rats and chickens. For example, avian liver has a low glycogen store and it is the major site of lipogenesis. Evidence from several laboratories has also suggested that avian species respond differently to pancreatic hormones compared with mammals (see reviews by Langslow & Hales, 1971 ; Hazelwood, 1973) . The present study seeks to investigate the hormonal control of carbohydrate metabolism in isolated hepatocytes prepared from chicken liver.
Isolated hepatocytes have the advantage of cell homogeneity over perfused liver and free access of hormones and substrates to the cell surface. This allows several different experimental conditions to be studied with a single preparation of cells. One of the main problems is the possible damage to the cell surface by trypsin-like contaminants of the crude collagenase preparations. Batches of collagenase vary in their effects and some may disrupt the membrane receptor and abolish a hormonal response (Johnson et al., 1972) . The results reported here show that hormonal sensitivity is retained by chicken hepatocytes and that the preparation can reproduce several functions of normal liver (Dickson & Langslow, 1975) .
Isolated chicken hepatocytes were prepared as described by Dickson & Langslow (1975) . The yield was about 6 x lo7 cells/g wet wt. of liver and more than 85 % of the cells excluded Trypan Blue. Cells from starved chickens were consistently more fragile than those from fed birds. There was some variation in the quantitative response (but not the qualitative effects) of different batches of cells, due both to variations between chickens and batches of collagenase, and the proficiency of the preparative procedure. Hepatocytes from fed birds, prepared in the absence of added substrates, had an average of 6Opg of glycogen/106 cells after preparation and they released glucose into the medium during incubation. Hepatocytes from starved birds contained very little glycogen (4pg/106 cells) and endogenous glucose release was very low. Cells isolated from 24 hstarved chickens synthesized glucose from added lactate (0.5-20m~). This was chosen as substrate as both cytosolic and mitochondria1 enzymes are involved in the response and because it produced the largest gluconeogenic response from four substrates tested (lactate, pyruvate, alanine and glycerol) with chicken hepatocytes. Lactate ( 5 m ) produced a 360% stimulation of basal glucose release after 30min in 24h-starved chickens.
Glucagon increased endogenous glucose release from hepatocytes from fed chickens by 13% at 0.29n~-glucagon, and maximal stimulation was obtained at 2 9 0 n~ (140%) after 30min. Hepatocytes of fed birds showed increased glycogen degradation which correlated with the increase in glucose release. Cells from starved birds did not respond to glucagon in the absence of exogenous substrate. When lactate (0.5-20m~) was added,
